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[5 7] ABSTRACT 
A control device for a dragline excavator, comprising 
hoist and drag rope length increment transducers and 
revolving platform swing angle transducers responding 
to the movement of a bucket from its breakout point 
on the face to the dumping point and from the dump 
ing point to the point where the bucket is lowered 
onto the face, speed transducers for the bucket hoist 
ing and dragging and revolving platform swinging 
mechanism, as well as a bucket transportation time 
calculator and speed setters for the bucket hoisting 
and dragging and platform swinging mechanisms, asso 
ciated with said transducers. The device of the inven 
tion determines bucket travel times by measuring the 
hoist and drag rope length increments and the swing 
angle of the platform, in the presence of limitations on 
the speeds and accelerations, and then calculates and 
plots velocity diagrams for the bucket hoisting and 
dragging and platform swinging mechanisms. 

75 Claims, 17 Drawing Figures 
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1 

CONTROL DEVICE FOR A DRAGLINE 
EXCAVATOR 

This is a continuation of application Ser. No. 
429,700, filed Dec. 28, 1973, now abandoned. 

BACKGROUND OF THE INVENTION 
The present invention relates to control devices for 

mining machinery, and more particularly to a control 
device for a dragline excavator. It may be employed for 
automating such operations as transportion of the 
loaded bucket from its breakout point to the dumping 
point, further transportation of the emptied bucket 
from the dumping point to the point where it is lowered 
on the face, as well as digging at open-cast mines. 

DESCRIPTION OF THE PRIOR ART 

It is known in the dragline excavator control art to 
employ a device operating on the principle of deter 
mining the time of bucket travel from its breakout 
point on the face to its dumping point and then com 
puting and plotting the velocity diagrams of the mecha 
nisms hoisting and dragging the bucket and swinging 
the platform. The time of bucket transportation is cal 
culated by the hoist and drag rope length increments as 
well as by the swing angle of the dragline platform, in 
the presence of limitations on the rates and accelera 
tions of motion. 
The known device incorporates a unit for determin 

ing the time of transportation of the bucket from the 
breakout point on the face to the dumping point, which 
unit comprises three adders for determining the mini 
mal times of program execution by the bucket hoisting 
and dragging and platform swinging mechanisms, re~ 
spectively. To the inputs of the adders is fed informa 
tion on the hoist and drag rope length increments and 
on the swing angle of the dragline platform while the 
bucket is transported from its breakout point on the 
face to its dumping point, as well as on the rates of 
motion of the bucket hoisting and dragging and plat 
form swinging mechanisms, respectively. The outputs 
of the adders are coupled via a maximum signal selec 
tor to the input of a memory storage element formed as 
an integrator operating either as an initial‘ conditons 
setter or as a storage unit. 

The known device comprises a unit setting the speed 
of the hoisting mechanism. This unit is built around two 
strings of computing elements, one of which deter 
mines the instant at which the hoisting mechanism 
stops accelerating, while the other determines the in 
stant at which the mechanism starts decelerating. The 
outputs of these two circuits are connected to the con 
trol circuits of two gates provided at the input'of the 
integrator whose output is proportional to the predeter 
mined speed of the bucket hoisting mechanism. The 
speed setters for the bucket dragging and platform 
swinging mechanisms may be similarly structured. 
The known device does not take into account such 

operations as the transportation of the bucket from the 
dumping point to the point where it is lowered on the 
face, automatic breakout of the bucket from the face 
according to a predetermined program, steering of the 
loaded bucket clear of the spontaneous-dumping zone 
as the bucket from the breakout point on the face to 
the dumping point, dumping of the bucket at a prede 
termined height and in a minimum of time, lowering of 
the bucket in such paths as to rule out drag rope slack 
ening, adjustment of the platform swinging mechanism 
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2 
accelerations depending on the steady speed thereof, 
variation‘ of the acceleration time of the platform 
swinging mechanism depending on the initial length of 
the pendulum (bifilarly suspended bucket), and the 
determination of the initial instant of deceleration of 
the platform swinging mechanism allowing for the cur 
rent horizontal de?ection and speed of the swinging 
bucket. Furthermore, the known device fails to provide 
for a 360-degree mode of operation of the dragline 
excavator,’for automatic variation of tension of the 
hoist rope while digging, or for the protection of the 
dragline mechanism by preventing the bucket from 
getting dangerously close to the boom axis or to the 
hoist and drag rope pulleys. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide 
automatic operation of the dragline excavator as the 
bucket is transported from the dumping point to the 
point where it is lowered on the face or face-contact 
point. 
Another object of the invention is to provide an auto 

matic breakout of the bucket from the face according 
to a predetermined program. Still another object of the 
invention is to provide the passage of the loaded bucket 
clear of the spontaneous-dumping zone as it is trans 
ported from the breakout point on the face to the 
dumping point. 
Yet another object of the invention is to provide for 

the dumping of the bucket at a predetermined height 
and in a minimum of time. 
A further object of the invention is to provide for the 

lowering of the bucket along paths so as to eliminate 
such as would rule drag rope slackening. 
A still further object of the invention is to minimize 

the dynamic load exerted by the swinging bucket on the 
dragline boom by adjusting the platform swinging 
mechanism acceleration time depending on the initial 
length of the pendulum (bifilarly suspended bucket). 

It is also an object of the invention to provide for the 
determination of the initial instant of platform swinging 
mechanism deceleration with an allowance being made 
for the current horizontal de?ection and speed of the 
swinging bucket. 
One more object of the invention is to provide for 

automatic 360° operation of the dragline excavator. 
It is likewise an object of the invention to provide for 

automatic variation of the drag rope tension during the 
digging operation.‘ 
Moreover, an object of the invention is to protect the 

dragline excavator mechanisms by preventing the 
bucket from approaching dangerously close to the 
boom axis and to the hoist and drag rope pulleys. 

SUMMARY OF THE INVENTION 

The invention contemplates providing a control de 
vice for a dragline excavator which would provide for 
automatic operation of the dragline excavator while the 
bucket is transported from the dumping point, to the 
face_contact point, for partial automation of the dig 
ging process, automatic breakout and transportation of 
the bucket to the dumping point along such paths as 
would rule out untimely dumping of the bucket and 
prevent it from approaching dangerously close to the 
boon axis and to the drag and hoist rope pulleys, and 
would also provide for the execution of automatic op 
erations in a minimum of time. 



3,934,126 
Accordingly, there is provided a control device for a 

dragline excavator which determines the time of trans 
portation of the bucket from the breakout point on the 
face to the .dumping point by measuring the hoist and 
drag rope length increments and the swing angle of the 
dragline excavator platform taking into account limita 
tions on the speeds and accelerations of the bucket 
hoisting and dragging and platform swinging mecha 
nisms. On the basis of the bucket transportation time 
thus found, the control device computes and plots the 
velocity diagrams of the bucket hoisting and dragging 
and platform swinging mechanisms, which, in accor 
dance with the invention, comprises hoist and drag 
rope length increment transducers and a platform 
swing angle transducer operating as the bucket is trans 
ported from the breakout point on the face to the 
dumping point, hoist and drag rope length increment 
transducers and a platform swing angle transducer 
operating'as the bucket is transported from the dump 
ing point to the face-contact point, bucket hoisting and 
dragging and platform swing mechanisms speed trans 
ducers, all of said transducers being connected to their 
respective mechanisms, a bucket transportation time 
calculator with the inputs thereof connected to the 
outputs of the hoist and drag rope length increment 
transducers and to the outputs of the platform swing 
angle transducers which operate as the bucket is trans 
ported from the breakout point on the face to the 
dumping point and back from the dumping point to the 
face-contact point, as well as to the outputs of the 
bucket hoisting and dragging mechanism speed trans 
ducers and bucket hoisting and dragging and platform 
swinging mechanism speed setters, each of which has 
one input thereof connected to the output of the 
bucket transportation time calculator, the other inputs 
of the hoisting mechanism speed setter having con 
nected thereto the output of the transducer responsive 
to the hoist rope length increments as the bucket is 
transported from the breakout point to the dumping 
point, the output of the transducer responsive to the 
hoist rope length increments as the bucket is trans 
ported from the dumping point to the face-contact 
point, and the output of the hoisting mechanism speed 
setter is connected to the speed control unit of the 
latter mentioned mechanism, and the other inputs of 
the dragging mechanism speed transducer. The output 
of the hoisting mechanism speed setter is connected to 
the speed control unit of the latter mechanism, and the 
other inputs of the dragging mechanism speed setter 
have connected thereto the outputs of the transducers 
responsive to the drag and hoist rope length increments 
as the bucket is transported from the breakout point on 
the face to the dumping point, the outputs of the trans 
ducers responsive to the drag and hoist rope length 
increments as the bucket is transported from the dump 
ing point to the face-contact point, the output of an 
element for manual setting of the dragging mechanism 
speed and the output of the hoisting mechanism speed 
setter, while the output of the dragging mechanism 
speed setter is connected to the speed control unit of 
the latter mentioned mechanism, and the other inputs 
of the platform swing mechanism speed setter have 
connected thereto the output of the swing angle trans 
ducer sensing the swing of the platform as the bucket is 
transported from the breakout point on the face to the 
dumping point, the output of the angle transducer sens 
ing the swing of the platform as the bucket is trans 
ported from the dumping point to the face-contact 
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point and the output of the platform swing speed trans 
ducer, while the output of the platform swinging mech~ 
anism speed setter is connected to the speed control 
unit of the latter mentioned mechanism. 

It is preferable to connect the outputs of the speed 
transducers of the hoisting, dragging and swinging 
mechanisms respectively to one of the inputs of each 
speed control unit of the hoisting, dragging and swing 
ing mechanisms, to connect via a gate the second input 
of the swinging mechanism speed control unit to the 
output of the swing mechanism manual speed setting 
element and to the speed setter of this mechanism, and 
to connect the second input of the speed control unit of 
the dragging mechanism to the output of a first OR 
circuit, whereof one of the inputs should be preferably 
coupled via a gate to the manual element setting the 
dragging mechanism speed and to the output of the 
speed setter of that mechanism. The device may also 
comprise a hoist rope tension transducer, a hoist rope 
tension setting circuit and a hoist rope tension control 
ler, the inputs of which are connected to the outputs of 
the tension transducer and the tension setting circuit, 
while the output of the tension controller may be con 
nected via a gate, coupled to the output of the hoisting 
mechanism speed setter, to the input of a second OR 
circuit, whereof the output may be connected to the 
input of the hoisting mechanism speed control unit. 
The device of this invention may also comprise a 

transducer of the hoist rope length at the point of 
bucket dumping, a transducer of the overall length of 
the hoist and drag ropes, a transducer of the angular 
de?ection of the bucket in a horizontal plane, and also 
protection means for the hoisting and dragging mecha 
nisms of the dragline excavator. 
The bucket transportation time calculator as well as 

the speed setters of the hoisting and dragging mecha 
nisms and of the platform swing mechanism may be 
composed of adders, integrators, inverters and relays as 
well as multiplying and dividing circuits, squarers, 
threshold and inverting elements. 
The device may likewise comprise a protection unit 

of an electromechanical type for program speed setting 
of the bucket dragging mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A speci?c embodiment of the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

FIG. 1 is a block diagram of a control device for a 
dragline excavator, in accordance with the invention; 
FIG. 2 is a schematic diagram of protection means 

for the dragline excavator mechanisms, in accordance 
with the invention; 
FIG. 3 is a block diagram of a bucket transportation 

time calculator, in accordance with the invention; 
FIG. 4 is a block diagram of a bucket hoisting mecha 

nism speed setter, in accordance with the invention; 
FIG. 5 is a block diagram of a bucket dragging mech 

anism speed setter, in accordance with the invention; 
FIG. 6 is a block diagram of a platform swing mecha 

nism speed setter, in accordance with the invention; 
FIG. 7 is a diagram of a hoist rope tension setter, in 

accordance with the invention; 
FIG. 8 is a diagram of a gate of the bucket hoisting 

mechanism speed setter, in accordance with the inven 
tion; 
FIG. 9a, b, c are timing charts of signals proportional 

to the speed of the bucket hoisting and dragging mech 
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anisms and the platform swing mechanism, in accor 
dance with the invention; . 
FIG. 10 represents bucket paths in automatic ‘control 

of a dragline excavator, in accordance with the inven 
tion; ' . 

FIG. 11 represents limiting velocity diagrams of the 
platform swing mechanism provided the latter is the 
limiting one; 
FIG. 12 represents velocity diagrams of theturn table 

swinging mechanism in case the latter is not the limiting 
one; 
FIG. 13a, b, c, d, e, f represents a timing chart of a 

signal proportional to the speed of the hoisting mecha 
nism, a timing chart of the output signal of the starting 
circuit of the transportation time calculator, and timing 
charts of the output signals of the threshold elements of 
the starting circuit of the dragging mechanism speed 
setter, of a circuit for determining the steady speed of 
the hoisting mechanism, of a circuit for determining the 
instant the hoisting mechanism starts decelerating, and 
of a circuit for determining the sense of motion of the 
hoisting mechanism; ' 
FIG. 14a, b, c, d, e,f, g, h, i,j represents a timing chart 

of a signal proportional to the speed of motion of the 
bucket dragging mechanism, a timing chart of the out 
put signal of the starting circuit of the transportation 
time calculator, a timing chart of the output signal of 
the threshold element of the starting circuit of the drag 
ging mechanism speed setter, a timing chart of the 
voltage on the timing relay of the dragging mechanism 
speed setter, and timing charts of the output signals of 
the threshold elements of the dragging mechanism 
motion delay circuit, of a circuit for determining the 
steady speed of the dragging mechanism, of a dragging 
mechanism accelerating circuit, of a circuit for deter 
mining the instant the dragging mechanism starts decel 
erating, of a circuit for determining the sense of motion 
of the dragging mechanism, and of a circuit for deter 
mining the maneuverability of the dragging mecha 
nism; 
FIG. 15a, b, c, d, e,f represents a timing chart of a 

signal proportional to the speed of the swing mecha 
nism, a timing chart of the output signal of the starting 
circuit of the transportation time calculator, a timing 
chart of the voltage across the timing relay of the drag 
ging mechanism speed setter, and timing charts of the 
output signals of the threshold elements of a circuit for 
determining the steady speed of the swing mechanism, 
of a circuit for determining the instant the swing mech 
anism starts decelerating and of a circuit for determin 
ing the sense of motion of the swing mechanism; 
FIG. 16 is a diagram‘of a gate at the output of the 

bucket dragging mechanism speed setter, in ‘accor 
dance with the invention; and 
FIG. 17 is a diagram of a gate at the output of the 

swing mechanism speed setter, in accordance with the 
invention.‘ 6 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ‘ 

Referring now to FIG. 1, it will be seen to ‘schemati 
cally illustrate a dragline excavator l with a mechanism 
2 hoisting a bucket 3, a mechanism 4 dragging the 
bucket 3, a swing mechanism 5 which swings a platform 
6 of the dragline excavator 1, a boom 7, a ‘hoist rope 8 
and a drag rope 9. The proposed control device for the 
dragline excavator 1‘ comprises transducers 10 and 11 
for sensing the length increments of the hoist and drag 
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‘3,934,126 
ropes 8 and 9, respectively, and also a transducer 12 for 

. sensing the angle of swing of the platform 6 as the 
bucket 3 is transported from the breakout point on the 
face to the dumping point, as well as transducers 13 
and 14 forsensing the length increments of the hoist 
and drag ropes 8 and 9, respectively, and also a trans 
ducer 15 for sensing the angle of swing of the platform 
6 as the bucket 3 is transported from the dumping point 
to the point where it is lowered on the face or face-con 
tact point. 

In order to measure the speed of the mechanisms of 
the dragline excavator 1, there is mounted on the plat 
form 6 a transducer 16 for sensing the speed of the 
mechanism 2 hoisting the bucket 3, a transducer 17 for 
sensing the speed of the mechanism 4 dragging the 
bucket‘3 and a transducer 18 for sensing the speed of 
the mechanism 5 swinging the platform 6 of the excava 
tor 1. All the transducers from 10 to 18 inclusive are 
connected with the respective shafts 19, 20 and 21 of 
the mechanisms 2, 4 and 5.‘ 
The outputs of the transducers 10, 11, 13 and 14 for 

sensing the length increments of the hoist and drag 
ropes are connected to inputs 22, 23, 24 and 25 of a 
unit 26 for calculating the time of transportation of the 
bucket 3. The outputs of the transducers 12 and 15 for 
sensing the swing angle of the platform 6 are connected 
to inputs 27 and 28 of unit 26, with the outputs of the ‘ 
transducers 16 and 17 for sensing the speeds of the 
mechanisms 2 and 4 hoisting and dragging the bucket 3 
being connected to inputs 29 and 30 of the same unit 
26. 
The proposed control device for the dragline excava 

tor 1 also comprises a unit 31 for setting the speed of 
the bucket hoisting mechanism 2, a unit 32 for setting 
the speed of the bucket dragging mechanism 4, a unit 
33 for setting the speed of the platform swing mecha 
nism 5 and three speed control units for the ‘mecha 
nisms 2, 4 and 5. The speed control unit of the hoisting 
mechanism 2 incorporates a speed control circuit 34 
governing the rotation of an electric motor 35, ‘the 
speed control unit of the dragging mechanism 4 incor 
porates a speed control circuit 36 governing the rota 
tion of an electric motor 37, and the speed control unit 
of the swing mechanism 5 incorporates a speed control 
circuit 38 governing the rotation of an electric motor 
39. , 

The unit 31 has its outputs 40, 41, 42 and 43 respec 
tively connected to the output of the unit 26 and to the 
outputs of the transducers 10, 13 and 16. The unit 32 
has its inputs 44, 45, 46, 47, 48 and 49 respectively 
connected to the outputs of the units 26 and 31 and to 
the outputs of the transducers 10, 11, 13 and 14. The 
unit 33 has its inputs 50, 51, 52 and 53 likewise con 
nected to the output of the unit 26 and to the outputs 
of the transducers 12, 15 ‘and 18, respectively. The 
output of the unit 32 is coupled via a gate 54 and an OR 
circuit 55 to the input of the speed control circuit 36, 
the other input of the gate 54 together with input 56 of 
the unit 32 having coupled thereto the output of a 
manual speed setting element 57 which sets the speed 
of the-mechanism 4 dragging the bucket 3. The output 
of the transducer 17 is coupled to the second input of 
the circuit 36. 
One of the outputs of the unit 33 is coupled via a gate 

58 to the input of the speed control circuit 38, while the 
other output of the unit 33 is coupled to input 59 of the 
unit 26, the other input of the gate 58 having coupled 
thereto the output of a manual speed setting element 
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60 which sets the speed of the swing mechanism 5 of 
the platform 6. The transducer 18 is coupled to the 
second input of the speed control circuit 38. 
The output of the unit 31 is coupled via a gate 61 and 

an OR circuit 62 to an input of the circuit 34. The 
output of a manual speed setting. element 63 of the 
mechanism 2 hoisting the bucket 3 is coupled to a 
second input of the gate 61, while the output‘ of the 
transducer 16 is coupled to a second input of the circuit 
34. 
To provide for the possibility of adjusting the tension 

of the hoisting rope during the process of digging, the 
proposed device comprises a transducer 64 for sensing 
the tension of the hoist rope 8, atension controller 65 
for the hoist rope 8 and a tension setting circuit 66 for 
the hoist rope 8, the output of the transducer 64 being 
connected to one of the inputs of the controller 65, 
whereof the other input is connected to the circuit 66 
while the output of the controller 65 is connected to a 
third input of the gate 61. ' 
The proposed device also comprises a transducer 67 

for sensing the length of the hoist rope 8 at the dumping 
point of the bucket 3, a transducer 68 for sensing the 
overall length of the hoist rope 8, a transducer 69 for 
sensing the overall length of the. drag rope 9 and a 
transducer 70 for sensing the angular de?ection of the 
bucket 3 in a horizontal plane. 
The transducers 67 and 68 are coupled to the shaft 

19 of the hoisting mechanism 2 and the transducer 69 
is coupled to the shaft 20 of the dragging mechanism 4. 
The output of the transducer 67 is connected to input 
71 of the unit 26 and to input 72 of the unit 32,'whereas 
the outputs of the transducers 68 to 70 inclusive are 
connected to respective inputs 73, 74 and 75 of the unit 
33. a 

For emergency protection of the working equipment 
of the dragline excavator 1, the device of this invention 
comprises protection means 76, illustrated in FIG. 2, 
which limits the minimal allowable length of the hoist 
rope 8 and the minimal allowable length of the drag 
rope 9 and also prevents the bucket 3 from entering the 
dangerous strut zone. In its turn, the means 76 com 
prises a protection unit 77 of program speed setting for 
the bucket hoisting mechanism 2 with a’ cam mecha 
nism 78 and a potentiometer 79, a protection unit 80 of 
program speed setting for the bucket dragging mecha 
nism 4 with a cam mechanism 81 and a potentiometer 
82, a second protection unit 83 of program speed set 
ting for the bucket dragging mechanism 4 with a cam 
mechanism 84 and a potentiometer 85, and a mechani 
cal adder 86. 

g The input of the protection unit 77 is mechanically 
coupled with the shaft 19 of the mechanism 2, while its 
output is electrically connected to a second input of the 
OR circuit 62. The input of the protection unit 80 is 
mechanically coupled to the adder 86, while its output 
is electrically connected to a second input of the OR 
circuit 55. The input of the protection unit‘83 is me 
chanically coupled with the shaft 20 of the mechanism 
4, while its output is electrically connected to a'third 
input of the OR circuit 55. The adder 86 is coupled by 
way of its inputs to the shafts 19 and 20 of themecha 
nisms 2 and 4, respectively. 
The unit 26 of FIG. 1 which calculates. the transpor 

tation time of the bucket 3 comprises an adder 87 
(FIG. 3) for calculating the minimal possible operating 
time of the hoisting mechanism 2, an adder 88 for 
calculating the minimal possible operating time of the 
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8 
dragging mechanism 4, and an adder 89 for calculating 
the minimal possible operating time of the mechanism 
5 swinging the platform 6. Selection of the maximum of 
the three values calculated by the adders 87, 88 and 89 
is accomplished by a maximum value selection circuit 
90 built around parallel-placed diodes 91, 92, 93 and 
94, so that the diode 92 is connected to the output of 
the adder 87, the diode 93 at the output of the adder 88 
and the diode 94 at the output of the adder 89. 
The calculator 26 also comprises a circuit 95 forming 

a bucket transportation time signal, which circuit is 
built around two parallel-coupled integrators 96 and 
97. ‘ 

Two groups ‘101 and 102 of parallel-placed input 
resistors are connected to summing point 98 of the 
adder 87 via contacts 99 of a relay 100, with a negative 
bus 103 of a reference voltage source 104, the output 
of the transducer 10, the output of the transducer 16 
and one of the outputs of the unit 31 (FIG. 1) via a 
varistor 105 (FIG. 3) being respectively coupled to the 
resistors of the group 101, whereas the resistor group 
102 is connected to the negative bus 103 of the source 
104 and the output of the transducer 13. 
Two groups 108 and 109 of'parallel-placed input 

resistors are- connected to summing point 106 of the 
adder 88 via contacts 107 of the relay 100, the group 
108 being connected to the negative bus 103 of the 
source 104, the output of the'transducer 11 and the 
output of the transducer 67, respectively, whereas the 
group 109 is connected to the negative bus 103 of the 
source 104, the output of the transducer 14, the output 
of the transducer 17 and one of the outputs of the unit 
32, respectively, the connection of the latter being 
effected via a varistor 110. 
The varistors l05'and 110 should be treated herein 

after‘ as accomplishsing a quadratic relationship be 
tween the input and output voltages. 

- To a common point 111 of the resistors of the group 
109, are connected in series diode 112 and two paral 
lei-placed resistors 113 and 114, the resistor 113 being 
connected to the output of the transducer 11, while the 
resistor 114 is connected to a positive bus 115 of the 
source 104. 

Two groups 118 and 1190f parallel-placed input 
resistors are coupled via contacts 117 of the relay 100 
to summing point 116 of the adder 89. Resistor 120 of 
the group 118 is connected to the output of the trans 
ducer l2, resistor 121 of the group 118 is connected to 
one ofthe outputs of the unit 33 (FIG. 1), resistor 122 
(FIG. 3) of the group 118 is coupled via a contact 123 
to the negative bus 103 of the source 104. Resistor 124 
of the group 119 is connected to the output of the 
transducer 15, resistor 125 of the group 119 is coupled 
via a contact 126 to one of the outputs of the unit 33 

. (FIG. 1), and resistor 127 (FIG. 3) of the group 119 is 
connected to the negative bus 103 of the source 104. 

In order to limit the minimal allowable values of 
bucket transportation time, there are two Zener diodes 
129 and 130 coupled to the diode 91 via contacts 128 
of the relay 100. The‘ voltages on cathodes 131 and 132 
of the Zener diodes 129 and 130, respectively, corre 
spond to the minimal allowable times of bucket trans 
portation from the breakout point on the face to the 
dumping vpoirit (the voltage on the cathode 131) and 
back from the dumping point to the face-contact point 
(the voltage on the cathode 132). The cathodes 131 
and 132 of the Zener diodes 129 and 130 ‘are coupled 
via respective resistors 133 and ‘134 to the positive bus 
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of the source 104. 
The integrator 96 of the signal-shaping circuit 95 

comprises a diode 135 which prevents a positive signal 
from being produced at the output of the integrator 96 
and a capacitor 136, the diode 135 and the capacitor 
136 being connected in parallel into the feedback cir 
cuit of the integrator 96. To make the integrator 96 
follow-up the output signal of the circuit 90, there is a 
resistor 137 connected in parallel with the capacitor 
136, which resistor is connected to zero point 138 of 
the integrator 96 via contacts 139 of a relay incorpo 
rated in the dragging mechanism speed setter 32. A 
resistor 140 connected to the output of the circuit 90 is 
also coupled to the zero point 138 of the integrator 96 
via the contacts 139. In order to provide for the opera 
tion of the integrator 96 in an integrating mode, a resis 
tor 141 connected to the negative bus 103 of the source 
104 is coupled to the zero point 138 via the contacts 
139. 
The integrator 97 is similarly built in that its feedback 

circuit includes, in parallel, a diode 142, a capacitor 
143 and a resistor 146, the latter coupled via contacts 
144 of a relay 145. The integrator 97 has its zero point 
147 connected to the output of the circuit 90 via the 
contacts 144 and a resistor 148 and with the negative 
bus 103 of the source 104 via a resistor 149 and the 
contacts 144 of the relay 145. 
The relay 100 is designed to switch the adders 87, 88 

and 89, using the contacts 99, 107, 117 and 128, from 
calculating the minimal possible times of displacement 
of the bucket hoisting and dragging and platform swing 
mechanisms, respectively, when the bucket 3 (FIG. 1) 
is transported from the breakout point to the dumping 
point, to calculating the analogous values when the 
bucket 3 is transported from the dumping point to the 
face-contact point, and vice versa. 
Control circuit 150 (FIG. 3) of the relay 100 is con 

nected to the output of an OR circuit 151 built around 
parallel-placed diodes 152-and 153, two outputs of the 
unit 31 (FIG. 1) being connected to the inputs of the 
OR circuit 151. 
The output of an inverter 154 (FIG. 3) serves as the 

output of the transportation time calculator. The in 
put128 of the inverter 154 is coupled via contacts 155 
of the relay 145 to the outputs of the integrators 96 and 
97 of the shaper 95. With the help of its contacts 144 
the relay 145 transfers the integrator 97 from the input 
signal follow-up mode to an integrating mode and vice 
versa, and with the help of its contacts 155 the relay 
145 connects the outputs of the integrators 96 and 97 
to the input of the inverter 154. Control circuit 156 of 
the relay 145 is coupled through a diode 157 and 
contacts 158 to one of the outputs of the unit 33 (FIG. 
1) and of the unit 31. 
FIG. 3 will also be seen to illustrate starting circuit 

159 of the unit 26, comprising a relay 160 whereof a 
control circuit 161 is coupled to the positive bus 115 of 
the source 104 via series-connected pushbuttons 162 
and 163, contacts 164 of the relay 160, which block the 
pushbutton 163 as it is depressed by the operator, being 
connected in parallel with the push-button 163. 
Contacts 165 and 166 of the relay 160 connect the 

buses 103 and 115 of the source 104 with the dragging 
mechanism speed setter 32 (FIG. 1). 
The speed setter 31 (FIG. 1) of the mechanism 2 

hoisting the bucket 3 incorporates a hoisting mecha 
nism steady speed determining circuit 167 (FIG. 4), a 
circuit 168 for determining the instant the hoisting 
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10 
mechanism starts decelerating, a circuit 169 for deter 
mining the sense of rotation of the hoisting mechanism, 
a logic circuit 170 and a shaper 171 forming a predeter 
mined speed signal of the hoisting mechanism. 
The shaper 171 comprises an integrator 172 and a 

resistor 175 coupled in parallel to a capacitor 173 of 
the integrator 172 via contacts 174. There is a resistor 
177 connected to the output of the transducer 16, 
which resistor is coupled to zero point 176 of the inte 
grator 172 via the same contacts 174, whereby the 
integrator 172 can follow up the output signal of the 
transducer 16. 
An inverter 178 is connected in series with the inte 

grator 172, with two diodes 179 and 180 poled in oppo 
sition being connected in parallel with the inverter 178. 
Common point 181 of the diodes 179 and 180 pro 
duces a signal proportional to the negative modulus of 
the preset speed value. 
The common point 181 is connected to the varistor 

105 (FIG. 3). The output of the logic circuit 170 is 
connected to an input resistor 182 (FIG. 4) of the 
integrator 172. 
The circuit 167 comprises an adder 183, of which an 

input resistor 184 is connected to the output of the 
inverter 154 (FIG. 3) and of which input resistors 185 
and 186 (FIG. 4) are coupled via contacts 187 of a 
relay 188 to the common point 181 of the diodes 179 
and 180. A multiplier 189 is connected in series with 
the adder 183, the other input of the multiplier 189 
being connected to the common point 181, and the 
output of the multiplier 189 is connected to an input 
resistor 190 of a threshold element 191. Input resistor 
192 of the threshold element 191 is coupled through 
contacts 193 of a relay 194 to the outputs of the trans 
ducers 10 and 13. At the output of the threshold ele 
ment 191 there is included an inverting element made 
as a relay with two windings 195 and .196. The example 
considered uses a conventional relay, for the output 
voltage of the threshold element 191 changes in a step 
from a certain positive value to a certain negative value 
and vice versa. This relay, of which a contact 197 
switches the negative and positive buses 103 and 115 of 
the source 104, helps shape a signal whose polarity is 
reversed with respect to the polarity of the threshold 
element 191. 
The winding 195 is coupled to the output of the 

threshold element 191 through a diode 198, the 
contact 197 being coupled via a diode 199 to an input 
resistor 200 of the threshold element 191, whereby the 
element 191 is blocked after it has operated. Input 
resistor 201 is coupled through a diode 202 to one of 
the outputs of the unit 32 (FIG. 1). 
The circuit 168 (FIG. 4) comprises a squarer 203, a 

threshold element 204 and an inverting element similar 
to the one included in the circuit 167, which inverting 
element is made as a relay with two control windings 
205 and 206. The input of the squarer 203 is connected 
to the common point 181, while its output is connected 
via contacts 207 of the relay 188 to input resistors 208 
and 209 of the threshold element 204. Input resistor 
210 of the threshold element 204 is coupled via the 
contacts 193 of the relay 194 to the outputs of the 
transducers 10 and 13. Input resistor 211 is coupled via 
a diode 212 mom of the outputs of the unit 32 (FIG. 
1) The relay coil 205 (FIG. 4) is coupled via a diode 
213 to the output of the threshold element 204. 
Contact 214 of the output relay of the threshold ele 
ment 204 is coupled via a diode 215 to input resistor 
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216 of the threshold element 204, which arrangement 
ensures that the threshold element 204, which arrange 
ment ensures that the element 204 is blocked after it 
has operated. 
The circuit 169 comprises a threshold element 217 

and an inverting element made similarly to the one 
described hereabove, as the relay 188. Input resistor 
218 of the element 217 is connected to the output of 
the integrator 172. The coil of the relay 188 is coupled 
via a diode 219 to the output of the threshold element 
217, contact 220 of the relay 188 being coupled to 
input resistor 222 of the threshold element 217 via a 
diode 221. Input resistor 223 has connected thereto a 
gate 224 comprising diodes 225, 226 and 227 and a 
resistor 228, the latter being connected to the positive 
bus 115 of the source 104. The output of the threshold 
element 204 and the contact 220 of the relay 188 are 
connected to the inputs of the OR circuit 151 (FIG. 3). 
The diode 225 (FIG. 4) is connected to the movable 

contact 220, while the diode 226 is connected to the 
output of the threshold element 204. The gate 224 
fixed the threshold element 217 in its initial state irre 
spective of the sign of the initial conditions in respect of 
the hoisting mechanism speed. 
The logic circuit 170 comprises gates 229, 230, 231 

and 232, interconnected in parallel. The gate 229 is 
built around diodes 233, 234, 235 and 236 and a resis 
tor 237, the latter being connected to the negative bus 
103 of the source 104. The anodes of the diodes 233, 
234 and 235 are connected to one of the outputs of the 
unit 32 (FIG. 1), to the movable contact 197 (FIG. 4) 
and to the output of the threshold element 217, respec 
tively. The gate 230 is built around diodes 238, 239 and 
240 and a resistor 241, the latter being connected to 
the positive bus 115 of the source 104. The cathodes of 
the diodes 238 and 239 are connected to the movable 
contact 214 and to the movable contact 220, respec 
tively. The gate 231 is built around diodes 242, 243, 
244 and 245 and a resistor 246, the latter being con 
nected to the positive bus 115 of the source 104. The 
cathodes of the diodes 242, 243 and 244 are respec 
tively coupled to the output of the threshold element 
191, to the output of the threshold element 217 and via 
a contact 247 to one of the outputs of the unit 33 (FIG. 
1). The gate 232 (FIG. 4) is built around diodes 248, 
249 and 250 and a resistor 251, the latter being con 
nected to the negative bus 103 of the source 104. The 
anodes of the diodes 248 and 249 are respectively 
connected to the output of the threshold element 204 
and to the movable contact 220. Electric circuit 252 of 
the windings 196 and 206 is connected to the output of 
the threshold element 217 via a diode 253, a resistor 
254 and a capacitor 255, the latter two being intercon 
nected in parallel. 
Control circuit 256 of the relay 194 is coupled via 

diodes 257 and 258 to the contact 220 and to the out 
put of the threshold element 204, respectively. 

In order to prevent the output signal of the integrator 
172 from being transferred to the positive region at the 
end of the automatic cycle, the feedback circuit of the 
integrator 172 includes, in series a diode 259 and a 
contact 260 of a relay 261, of which a control circuit 
262 is connected to the contact 214, while a control 
circuit 263 of the relay 261 is coupled via a diode 264 
and a resistor 265 to the contact 220. 
The unit 32 (FIG. 1), which sets the speed of the 

dragging mechanism of the bucket 3, comprises a cir 
cuit 266 (FIG. 5) for determining the steady speed of 
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12 
the dragging mechanism, a circuit 267 for determining 
the instant at which the dragging mechanism starts 
decelerating, a circuit 268 for determining the sense of 
rotation of the dragging mechanism, a starting circuit 
269, a circuit 270 for retarding the speed of the drag 
ging mechanism, a circuit 271 for accelerating the 
dragging mechanism speed in bucket dumping, a cir 
cuit 272 for determining whether or not the dragging 
mechanism maneuvers to rule out the slackening of the 
drag rope 9 (FIG. 1) as the bucket 3 is transported 
from the dumping point to the point it is lowered on the 
face. In addition, the unit 32 comprises a logical circuit 
273 (FIG. 5) and a shaper 274 for forming a predeter 
mined dragging mechanism speed signal. 
The shaper 274 comprises an integrator 275 and a 

resistor 278 (FIG. 5) coupled via contacts 277 of the 
relay 160 (FIG. 3) in parallel with a capacitor 276 of 
the integrator 275. These same contacts 277 serve to 
connect zero point 279 of the integrator 275 with a 
resistor 280 coupled to the output of a maximum signal 
selector 281 built around diodes 282 and 283. The 
anode of the diode 282 is connected to the output of 
the manual speed setting element 58 (FIG. 1) of the 
mechanism 4, whereas the anode of the diode 283 
(FIG. 5) has connected thereto the output of a refer 
ence voltage source 284, the source being connected 
with the positive bus 115 of the source 104. The refer 
ence voltage source is formed as a Zener diode 285 and 
a resistor 286. 

The feedback circuit of the integrator 275 includes a 
diode limiter, built around a resistor 287 and a diode 
288, and a resistor 289 connected through a gate cir 
cuit comprising a resistor 290 and diodes 291, 292 and 
293. An inverter 294 is connected in series with the 
integrator 275, and two diodes 295 and 296 intercon 
nected in opposition are connected in parallel with the 
inverter 294, the common point 297 of the diodes 295 
and 296 generating a signal which is proportional to the 
negative modulus of the predetermined speed value. 
The output of the logic circuit 273 is coupled to an 
input resistor 298 of the integrator 275. 
The circuit 266 comprises an adder 299, of which an 

input resistor 300 is connected to the output of the 
inverter 154 (FIG. 3) of the unit 26, while an input 
resistor 301 (FIG. 5) of the adder 299 is connected to 
the common point 297 of the diodes 295 and 296. A 
multiplier 302 is connected in series with the adder 
299, the other inputs of the multiplier 302 being cou 
pled via contacts 303 to the outputs of the integrator 
275 and the inverter 294, while the output of the multi' 
plier 302 is connected to an input resistor 304 of a 
threshold element 305. Zero point 306 of the threshold 
element 305 is coupled via a commutator in the form of 
contacts 307 of a relay 308 to a resistor 309 and to 
common point 310 of resistors 311 and 312. The resis 
tor 309 is connected to common point 313 of diodes 
314 and 315 connected in parallel with an inverter 316, 
whereof the input is connected to the output of the 
transducer 14. The common point 313 produces a 
signal proportional to the negative modulus of the out 
put signal of the transducer 14. 
The resistors 311 and 312 are respectively connected 

to the output of the transducer 67 and to the output of 
the transducer 11. An inverting element formed as a 
relay with two control windings 317 and 318 is con 
nected to the output of the threshold element 305. 
The movable contact of this relay is arranged inter 

mediate the positive bus 115 and the negative bus 103 
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of the source 104. As the relay operates, the movable 
contact connects one of the outputs of the circuit 266 
either to the positive bus 115 or to the negative bus 
103, thereby producing at this output a signal of re 
versed polarity with respect to the signal generated by 
the threshold element 305. The output of the threshold 
element 305 serves as a second output of the circuit 
266. ' 

The control winding 317 is coupled to the output of 
the threshold element 305 via a diode 319, and a 
contact 320 is connected via a diode 321 to an input 
resistor 322 of the threshold element 305,-thereby 
providing for the blocking of the element 305 after it 
has operated. 
The circuit 267 comprises'a squarer 323, a threshold 

element 324 and an inverting element formed, similarly 
with the ones described hereabove, as a relay with two 
control windings 325 and 326. The input of the squarer 
323 is connected to the common point 297 of the di 
odes 295 and 296, while its output is connected to an 
input resistor 327 of the threshold element 324. Input 
resistor 328 of the element 324 is coupled via contacts 
329 of the relay 308 to the output of the transducer 11 
and to the common point 313 of the diodes 314 and 
3154. The relay winding 325 is coupled via a diode 330 
to the output of the threshold element 324, and a 
contact 331 thereof is coupled via a diode 332 to an 
input resistor 333 of the threshold element 324, 
thereby roviding for the blocking of the threshold 
element 24 after it has operated. 
The circuit 268 comprises a threshold element 334 

and an inverting element formed as a relay 335. Input 
resistor 336 of the threshold element 334 is coupled to 
the output of the integrator 275. The winding of the 
relay 335 is coupled via a diode 337 to the output of the 
threshold element 334, whereas a contact 338 thereof 
is coupled via a diode 339 to an input resistor 340 of 
the threshold element 334, thereby providing for the 
blocking of the threshold element 334 after it has oper 
ated. Input resistor 341 of the threshold element 334 
has connected thereto a gate 342 comprising diodes 
343, 344 and 345 and a resistor 346, the latter being 
connected to the positive bus 115 of the source 104. 
The diode 344 is connected to the movable contact 
338, whereas the diode 345 is connected to the output 
of the threshold element 324. ' 
The contact 303 at the input of the multiplier 302 

belongs to the relay 335. 
The circuit 269 comprises a threshold element 347, 

an inverting element in the form of a relay 348 and a 
delay element in the form of a timer 349. Input resistor 
350 of the threshold element 347 is connected‘ to the 
positive bus 115 of the source 104, input resistor 351 is 
connected to the output of the integrator 275, input 
resistor 352 is connected through a diode 353 to the 
contact 166 (FIG. 3) of the relay 160. The control 

- windings of the relay 348 (FIG. 5) and of the timer 349 
are coupled via a diode 354 to the output of the thresh 
old element 347. Movable contact 355 of the relay 348 
is coupled viaa diode 356 to an input resistor 357 of 
the threshold element 347, thereby providing for the 
self-blocking of the threshold element 347 after it has 
operated. ‘ 

Contacts 139 (FIG. 3) and contacts 174 (FIG. 4) 
belong to the relay 348 (FIG. 5). Movable contact 355 
of the relay 348 is also coupled via a diode 202 (FIG. 4) 
and a diode 212 to the resistors 201 and 211 respec 
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tively, whereas the diode 233 of circuit 170 is con 
nected to the output of element 347 (FIG. 5). 
The circuit 270 comprises a threshold element 358 

and an inverting element in the form of‘ a relay 359, of 
which the winding is coupled via a diode 360 to the 
output of the threshold element 358. Input resistor 361 
is coupled via a diode 362 to a movable contact 363 of 
the timer 349. Input resistor 364 is connected to the 
output of the transducer 67, input resistor 365 is cou 
pled through an inverter 366 to the output of the trans- ‘ 
ducer 10, and input resistor 367 is connected to the 
output of the transducer 11. Movable contact 368 of 
the relay 359 is coupled via a diode 369 to input resis 
tor 370 of the threshold element 358. 
The circuit 271 comprises a threshold element 371 

and an inverting element in the form of a relay 372, of 
which the control winding is coupled to the output of 
the threshold element 371 via a diode 373. Zero point 
374 of the threshold element 371 is coupled via 
contacts 375 of the relay 308 to input resistor groups 
376 and 377. Resistor 378 is connected to the positive 
bus 115 of the source 104 and resistor 379 of the group 
376 is connected to the output of the transducer 10. 
Resistor 380 of the group 377 is connected to the out 
put of the transducer 14, while resistor 381 is con 
nected to the output of the transducer 13. Contact 382 
of the relay 372 is coupled via a diode 383 to a resistor 
384 of the group 376 and via a diode 385 to a resistor 
386 of the group 377. Input resistor 387 on one side is 
directly connected to the zero point 374 and on the 
other side it is directly connected to diodes 388 and 
389, the diode 388 being connected to the contact 166 
(FIG. 3) of the relay 160, whereas the diode 389 forms 
a gate with a diode 390 (FIG. 5) and a resistor 391. The 
resistor 391 is connected to the output of the threshold 
~element 324, while the diode 390 is connected to the 
output of the threshold element 334. 
The circuit 272 comprises a threshold element 392 

and an inverter element formed as a relay 393, of which 
the control winding is coupled to the output of the 
threshold element 392 via a diode 394. Contact 395 of 
the relay 393 is connected to the input of the threshold 
element 392. Input resistor 396 is connected to three 
parallel-placed diodes 397, 398 and. 399. The diode 
398 is connected to the output of the threshold element 
371. The diode 397 forms a gate with a diode 400 and 
a resistor 401, the resistor 401 having connected 
thereto the contact 331 of the relay 325, while the 
diode 400 is connected to the output of the threshold 
element 334. The diode 399 likewise forms a gate with 
a diode 402 and a resistor 403, the resistor 403 being 
connected to the contact 395 of the relay 393 and the 
diode 402 - to the contact 338 of the relay 335. Input 
resistor 404 has connected’ thereto a gate formed by 
diodes 405 and 406 and a resistor 407, the resistor 407 
being connected to the contact 395 of the relay 393 
and the diode 406 to the output of the threshold ele 
ment 334. Input resistor 408 is connected to the output 
of the transducer 14, and input resistor 409 is coupled 
via an inverter 410 to the output of the_transducer 13. 

In order to ensure that prior to the instant the mecha~ 
nism 4 (FIG. 1) starts moving the threshold element 
305 and 324 stay in a blocked state, input resistor 411 
(FIG. 5) of the element 305 and input resistor 413 of 
the element 324 are respectively coupled via a diode 
421. and a diode 414 to the output of the threshold 

_ element 358. 
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In order to ensure that during the time when the 
dragging mechanism 4 (FIG. 1) is maneuvered with a 
view to preventing the slackening of the drag rope 9 as - 
the bucket 3 is transported from the dumping point to 
the point where it is lowered on the face, input resistor 
415 (FIG. 5) of the element 305 and input resistor 416 
of the element 324 are connected to a gate formed by 
diodes 417, 418 and 419 and a resistor 420, the resistor 
420 being connected to the outputs of the threshold 
element 392 and the diode 419 to the contact 338 of 
the relay 335. 
The logic circuit 273 comprises parallel-coupled 

gates 421, 422, 423, 424, 425, 426, 427 and 428. The 
gate 421 is built around diodes 429, 430 and 431 and a 
resistor 432, the latter being connected to the negative 
bus 103 of the source 104. The anodes of the diodes 
429 and 430 are respectively connected to the contact 
165 (FIG. 3) of the relay 160 and to the contact 355 
(FIG. 5) of the relay 348. The gate 422 is built around 
diodes 433, 434 and 435 and a resistor 436, the latter 
being connected to the negative bus 103 of the source 
104. The anodes of the diodes 433 and 434 are respec 
tively connected to the contact 363 of the relay 349 
and to the output of the threshold element 358. 
The gate 423 is built around diodes 437, 438, 439 

and 440 and a resistor 441 which is connected to the 
negative bus 103 of the source 104. The anodes of the 
diodes 437, 438 and 439 are respectively connected to 
the contact 320 of the output relay of the threshold 
element 305, to the contact 368 of the relay 359 and to 
the output of the threshold element 334. 
The gate 424 is built around diodes 442, 443 and 444 

and a resistor 445 which is connected to the positive 
bus 115 of the source 104. The cathodes of the diodes 
442 and 443 are respectively connected to the contact 
331 of the output relay of the threshold element_324 
and to the contact 338 of the relay 335. The gate 425 
is built around diodes 446, 447, 448 and 449 and a 
resistor 450 which is connected to the positive bus 115 
of the source 104. The cathodes of the diodes 446, 447 
and 448 are respectively connected to the output of the 
threshold element 305, to the output of the threshold 
element 334 and to the output of the threshold element 
392. The gate 426 is built around diodes 451, 452 and 
453 and a resistor 454 which is connected to the nega 
tive bus 103 of the source 104. The anodes of the di 
odes 451 and 452 are respectively connected to the 
output of the threshold element 324 and to the contact 
338 of the relay 335. The gate 427 is built around 
diodes 455, 456 and 457 and a resistor 458 which is 
connected to the negative bus 103 of the source 104. 
The anodes of the diodes 455 and 456 are respectively 
connected to the output of the threshold element 371 
and to the output of the threshold element 334. The 
gate 428 is built around diodes 459, 460 and 461 and a 
resistor 462 which is connected to the output of the 
transducer 16. The anodes of the diodes 459 and 460 
are respectively connected to the output of the thresh 
old element 392 and to the contact 338 of the relay 
335. 
The feedback circuit of the integrator 275 includes a 

diode 463 coupled via a contact 464 of a relay 465. The 
control winding of the relay 465 is connected by way of I 
one end thereof to common point 466 of diodes 467 
and 468, the cathodes thereof being connected to the 
output of the threshold element 324 and to the output 
of the threshold element 358, respectively. The other 
end of the control winding of the relay 465 is coupled 
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via a resistor 460 to common point 470 of diodes 471 
and 472, whereof the anodes are connected to the 
output of the threshold element 334 and to the contact 
368 of the relay 359, respectively. 
Output bus 473 of the unit 32 is coupled via contact 

474'ofa relay 475 to the output of the inverter 294 and 
to the output of the integrator 275. One end of the 
control winding of the relay 475 is connected to com 
mon point 476 of diodes 477 and 478, whereof the 
cathodes are respectively connected to the output of 
the threshold element 371 and to the output of the 
threshold element 392. The other end of the control 
winding of the relay 475 is coupled via a resistor 479 to 
the output of the threshold element 334. 
The control winding of the relay 308 is connected to 

common point 480 of diodes 481 and 482, whereof the 
anodes are respectively connected to the output of the 
threshold element 334 and to the contact 331 of the 
output relay of the threshold element 324. 
The electric circuit of the windings 318 and 326 is 

coupled to the output of the threshold element 334 
through a diode 483, a resistor 484 and a capacitor 
485, the resistor 484 and the capacitor 485 being con 
nected in parallel and forming a differentiating string. 
The unit 33 (FIG. 1) for setting the speed of the 

swing mechanism 5 comprises a circuit 486 (FIG. 6), 
which converts the coordinates of the bucket position 
to the acceleration time of the swing mechanism 5 
proportional to the period of swing of a pendulum, a 
circuit 487 for determining the steady speed of the 
swing mechanism, a circuit 488 for determining the 
value of the mechanism starting acceleration, a circuit 
489 for. determining the instant the mechanism starts 
decelerating, a circuit 490 for determining the sense of 
motion of the mechanism, a shaper 491 for forming a 
predetermined mechanism speed signal, and a swing 
mechanism start-up delay circuit 492. 
The shaper 491 comprises an integrator 493 and 

resistors 497 and 498 coupled via contacts 495 of a 
relay 496 in parallel with a capacitor 494 of the integra 
tor 493. These same contacts 495 serve to connect to 
zero point 499 of the integrator 493 a resistor 500 
which is coupled via contacts 501 of the relay 160 
(FIG. 3) to the output of the transducer 13 (FIG. 6). 
Contacts 502 of the relay 160 (FIG. 3) are connected 
in parallel with the resistor 498. Input resistor 503 of 
the integrator 493 is coupled via contacts 504 of a relay 
505 and contacts 506 to the output of a reference volt 
age source 507. The source 507 is built around a Zener 
diode 508 and a resistor 509, the latter being con 
nected to the positive bus 115 of the source 104. Input 
resistor 510 of the integrator is coupled via contacts 
511 of the relay 496 and contacts 512 to the output of 
the circuit 488. The output of the integrator 493 is 
connected to the input of an inverter 513. 
The circuit 486 is formed as an x-y converter 514 

coupled by way of the inputs thereof to the output of 
the transducer 68 and to the output of the transducer 
69. 
The circuit 487 comprises an adder 515, a divider 

516, a memory‘element 517, a threshold element 518 
and a memory element 519. Input resistor 520 of the 
adder 515 is connected to the negative bus 103 of the 

’ source 104, input resistor 521 is connected to the out 
65 put of the converter 514, and input resistor 522 is con 

nected to the output of the inverter 154 (FIG. 3) of the 
unit 26. The output of the adder 515 (FIG. 6) is con 
nected to an input of the divider 516, the output of the 
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transducer 12 and the output of the transducer 15 
being coupled to the other input of the divider 516 via 
contacts 523 of the relay 505 and contacts 524 of a 
relay 525. The element 517 is formed as an integrator, 
with a resistor 529 being coupled via contacts 527 of a 
relay 528 to a capacitor 526 of the ientegrator. These 
same contacts 527 also serve to connect to zero point 
530 of the integrator a resistor 531 connected to the 
output of the divider 516. 
The element 519 is likewise formed as an integrator, 

with a resistor 535 being connected in parallel to a 
capacitor 532 of said integrator via contacts 533 of a 
relay 534. A resistor 537 connected to the output of the 
element 517 is connected to zero point 536 of the 
integrator via these same contacts 533. The output of 
the memory element 519 is coupled via the contacts 
504 of the relay 505 and via the contacts 506 to the 
input resistor 503 of the integrator 493. 
The output of the memory element 517 is coupled via 

contacts 538 of the relay 505 to an input resistor 539 of 
the threshold element 518. Input resistor 540 of the 
threshold element 518 is connected to the output of the 
integrator 493. Input resistor 541 of the threshold ele 
ment 518 is coupled via a diode 542 to the contact 363 
(FIG. 5) of the relay 349 included in the unit 32. 
At the output of the threshold element 518 (FIG. 6) 

there is provided an output relay with two windings 543 
and 544, the relay contacts 512 being connected into 
the circuit of the input resistor 510 of the integrator 
493. The movable'contact of the output relay is ar 
ranged intermediate the positive and negative buses 
115 and 103 of the source 104. As the relay operates, 
its movable contact 546 connects one of the outputs of 
the circuit 487 either to the positive bus 115 or to the 
negative bus 103, thereby causing the output in ques 
tion to generate a signal of reversed polarity with re 
spect to the output signal of the threshold element 518. 
The output of the threshold element 518 serves as a 
second output of the circuit 487. The relay winding 543 
is coupled via a diode 545 to the output of the element 
518, whereas the relay movable contact 546 is coupled 
via a diode 547 to an input resistor 548 of the element 
518. 
The circuit 488 comprises a memory element 549 

and a divider 550. The memory element 549 is formed 
as an integrator, with a resistor 553 coupled via 
contacts 552 of the relay 528 in parallel with a capaci' 
tor 551 of the integrator. These same contacts 552 
serve to connect to zero point 554 of the integrator a 
resistor 555 connected to the output of the converter 
514. The output of the element 549 is connected to an 
input of the divider 550, the other input thereof having 
connected thereto the output of the element 517 and 
the output of the source 507 via the contacts 538 of the 
relay 505. The output of the divider 550 is coupled via 
the contacts 511 of the relay 496 and the contacts 512 
with the input resistor 510 of the integrator 493. 
The circuit 489 comprises an adder 556, a differenti 

ator 557, a multiplier 558 and a threshold element 559. 
Input resistor 560 of the adder 556 is coupled via the 
contacts 523 of the relay 505 and the contacts 524 of 
the relay 525 to the output of the transducer 12 and to 
the output of the transducer 15. Input resistor 561 is 
coupled to the output of the transducer 70 via parallel 
connected contacts 562 of the relay 505 and contacts 
563 of a relay 564 included in the circuit 490. The 
output of the adder 556 is connected to the input of the 
differentiator 557. The output of the differentiator 557 
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is connected to an input of the multiplier 558, of which 
the other input has connected thereto the output of the 
inverter 154 (FIG. 3) of the unit 26. The output of the 
multiplier 558 (FIG. 6) is connected to an input resis 
tor 565 of the threshold element 559. Input resistor 566 
of the threshold element 559 is connected to the output 
of the adder 556. Input resistor 567 is connected to 
common point 568 of diodes S69 and 570. The diode 
569 has connected thereto the contact 363 (FIG. 5) of 
the relay 349, whereas the diode 570 (FIG. 6) has 
coupled thereto via contact 571 of the relay 505 the 
contact 220 (FIG. 4) of the relay 188. At the output of 
the threshold element 559 (FIG. 6) there is connected 
an output relay with two windings 572 and 573, the 
contacts 506 of the relay being included in the circuit 
of the input resistor 503 of the integrator 493. Movable 
contact 574 of this relay is arranged intermediate the 
positive bus 115 and the negative bus 103 of the source 
104. As the relay operates, the movable contact 574 
connects one of the outputs of the circuit 489 either to 
the positive bus 115 or to the negative bus 103, thereby 
causing the output in question to generate a signal of 
reversed polarity with respect to the output signal of 
the threshold element 559. 
The output of the threshold element 559 serves as a 

second output of the circuit 489. 
The movable contact 574 of the output relay of the 

element 559 is coupled via a diode 575 to an input 
resistor 576 of the element 559. 
The circuit 490 comprises a threshold element 577 

and an inverter element which is the relay 564 of which 
the winding is coupled via a diode 578 to the output of ' 
the threshold element 577. Input resistor 579 of the 
threshold element 577 is coupled via contacts 580 of 
the relay 505 to the output of the inverter 513 and to 
the positive bus 115 of the source 104. Contact 581 of 
the relay 564 is coupled via a diode 582 to input resis 
tor 583. Input resistor 584 is coupled via a diode 585 to 
common point 586 of a capacitor 587, a resistor 588 
and a resistor 589. A diode 590 is connected in series 
with the resistor 589, and the contact 363 (FIG. 5), of 
the relay 349 is connected to the anode of the diode 
590 and to the resistor 588. 
The circuit 492 (FIG. 6) comprises a threshold ele 

' ment 59]. Input resistor 592 of the element 591 is 

50 

55 

60 

65 

connected to the movable contact 155 (FIG. 3) of the 
relay 145 included in the unit 26. Input resistor 593 
(FIG. 6) of the element 591 is connected to the output 
of the adder 89 (FIG. 3) of the unit 26. Input resistor 
594 (FIG. 6) is coupled via a diode 595 to a movable 
contact 596 of the relay 349 (FIG. 5) which switches 
the positive bus 115 (FIG. 6) and the negative bus 103 
of the source 104. The output of the threshold element 
591 is coupled via contacts 597 of the relay 505 and a 
diode 598 to the winding of the relay 496. The diode 
598 is also connected by the contacts 597 to the 
contact 363 (FIG. 5) of the relay 349 included in the 
unit 32. Movable contact 599 (FIG. 6) of the relay 496 
for switching the negative bus 103 and the positive bus 
115 of the source 104 is connected via a diode 600 to 
an input resistor 601 of the element 591. 
The winding of the relay 525 is connected to com 

mon point 602 of diodes 603 and 604, the cathode of 
the diode 603 being connected to the contact 574 of 
the output relay of the threshold element 559, while the 
cathodeof the diode 604 is connected to the contact 
‘581' of the relay 564. 


























































